Detection of Ammonia-Producing Enzymes after Electrophoresis
Three ammonia-producing enzymes were selected for study, namely adenosine deaminase (adenosine aminohydrolase, EC 3.5.4.4), AMP deaminase (AMP aminohydrolase, EC 3.5.4.6) and urease (urea amidohydrolase, EC 3.5.1 3). Activities were detected after each enzyme preparation was subjected to electrophoresis on both starch gel and cellulose acetate strips. Adenosine deaminase activity had been detected in this laboratory previously after electrophoresis in both media (E. Tully & L. Walshe, unpublished work, cited by Brady & O 'Connell, 1962; Noonan, 1972) . The method used a simple acid-base colour change in the indicator Phenol Violet. In the present study the colour change resulting from adenosine deaminase activity was used as a control to assess the applicability of the procedure to the detection of other ammonia-producing enzymes. Vertical starch-gel electrophoresis was carried out with 11 % (w/v) Electrostarch (Electrostarch Co., Madison, WI, U.S.A.). The gel buffer was 45 mM-sodium phosphate, pH 6.5, and the reservoir buffer was l00mM-phosphate, pH 6.5. Cellulose acetate sheets were supplied by Gelman (Gelman instrument Co., Ann Arbor, MI, U.S.A.). Runs were performed in 10mM-sodium phosphate buffer, pH7.0. Proteins were detected after starch-gel electrophoresis by staining with 0.1 % Nigrosine in 7 % (v/v) acetic acid, and after cellulose acetate electrophoresis, with 1 % (w/v) Amido Black in methanol/acetic acid/water (5 :2 :5, by vol.).
Enzyme activities were detected as follows. ( I ) Adenosine deaminase: 1 g of agar+ lOml ofsatd. aq. Phenol Violet+l gofadenosine. (2) AMP deaminase: 1 gof agar+lOml of Phenol Violet (see above)+OSg of AMP+1.1 g of KCI. (3) Urease: 1 g of agar+lOml of Phenol Violet+Sg of urea. Each mixture was made up to lOOml with water, and heated to dissolve the contents. After cooling to 45°C it was poured over the starch gel or the cellulose acetate strip, where it set to a clear, orange-coloured gel. Ammonia produced as a result of enzyme activity was clearly visible as a blue-black band. The results obtained after electrophoresis in starch gel are shown in Fig. 1 .
All enzyme activities were readily detected after electrophoresis. Adenosine deaminase was well separated into isoenzymes both in bovine duodenum mucosal extract and in human blood serum. Areas of high protein concentration and of enzyme activity in the AMP deaminase and urease preparations were broad and diffuse.
The results obtained after electrophoresis on cellulose acetate strips are shown in Fig. 2 . Again, enzyme activities were readily detected after electrophoresis.
A deficiency of adenosine deaminase activity in man has been shown to be associated with the autosomal recessive form of severe combined immunodeficiency (Giblett et al., 1972) . This is a disorder of infancy resulting in defects of cellular and humoral immunity. This finding has stimulated much recent work on the enzymology of adenosine deaminase in man.
The applicability of the simple detection procedure for this enzyme after electrophoresis to screening a large number of blood samples was tested. The hot agar/Phenol Violet/adenosine solution was poured into packing trays for disposable plastic cuvettes (Hughes and Hughes, Romford, Essex, U.K.). This produced discrete gels 5.2cm long, 1.2cm broad and 0.2cm deep. A sample of blood (50,ul), whole or haeniolysed, was applied either directly, or after absorption on filter paper, to the surface of each gel sample. The tray was covered with a sheet of Vitafilm (Fit Packaging Division, Shankill, Dublin, Ireland), and left at room temperature (25°C). Within 2 h, enzyme activity could clearly be observed. The procedure was therefore readily adaptable to screening for adenosine deaminase deficiency. Reports on the microbial side-chain cleavage of bile acids have been mainly restricted to aerobic organisms. Several organisms degraded cholic acid (Hayakawa, 1973) and deoxycholic acid (Severina et al., 1969) yielding Cz2 products. The only references to androstan-17-one production have been with deoxycholic acid (Barnes et a/., 1976) and lithocholic acid (Nagasawa eta/., 1970) . Anaerobic side-chain cleavage of bile acids was shown with resting cell suspensions of Pseudomonas N.C.I.B. 10590 with taurocholic acid (I), bovine bile salts (II), cholic acid (Ill), chenodeoxycholic acid (IV), deoxycholic acid (V), lithocholic acid (VI) and hyodeoxycholic acid (VII) as substrates (Tenneson, 1977) . In each case a series of metabolites has been isolated and identified. To date the only bile-acid transformations shown to be carried out by Escherichia coli are 7a-hydroxy steroid dehydrogenation (Haslewood et al., 1973) and 7a-dehydroxylation (Cocucci & Ferrari, 1965) .
With sodium deoxycholate as a sole carbon source, anaerobic bacteria were isolated from a faecal sample of a colon-cancer patient. After 24h incubation heavy growth was observed. The dominant organism obtained was subsequently identified as a strain of E. coli. Since the degradation of bile acids by gut bacteria is implicated in the aetiology of colon cancer (Hill, 1974) , the mechanisms of steroid degradation in this isolate were studied under anaerobic conditions.
The anaerobic metabolism of bile acids by E. coli was carried out in a buffered mineral salts medium containing both KNOj and menadione as electron acceptors. The cultures, after inoculation, were incubated at 37°C in an atmosphere of HJCO, (9:l) with compounds (I), (II), (HI), (IV), (V), (VI) and (VII) as separate carbon sources. After 14 days the steroid products were compared directly with those previously isolated and identified from Pseudomonas N.C.I.B. 10590. A sample of each culture was spotted directly on to t.1.c. plates of silica gel GF,,, and separated in methanol/methylene chloride (1:9, v/v). Products containing a 1,4-dien-3-one structure were detected under U.V. light; other products were detected by their colour with anisaldehyde reagent (Kritchevsky et al., 1963) . Filtration of each culture through a 0.45,um Millipore filter enabled the direct determination of the percentage conversion of each substrate into I ,4-dien-3-oxosteroids by measurement of Azs2 in the U.V. spectrum. Presence of nitrite ions was indicated by the production of a red colour after the addition of sulphanilic acid and a-naphthylamine to the cultures. This E. coli was found to degrade the side chain of all substrates studied (Fig. 1) . Compounds (I) and (11) were degraded by reactions A and 9 , compound (111) by reaction B, compound (IV) by reaction C, compound (V) by reaction D, compound (VI) by
